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duplicate error ratio
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Department of Energy
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Executive Order

equilibrium partitioning

U.S. Environmental Protection Agency
ecological risk assessment

Environmental Restoration Program

U.S. Food and Drug Administration
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Federal Facility Compliance Agreement
Federal Register
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Hazardous Waste Remedial Actions Program
Hinds Creek

Health Effects Assessment Summary Table
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Hazardous and Solid Waste Amendments
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International Commission on Radiological Protection
in need of management

Integrated Risk Information System
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land disposal restriction

Lower East Fork Poplar Creek
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Lowest-Observable-Adverse-Effect Level
management and operating
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Modifying Factor
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matrix spike

mean sea level
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Natural Areas

National Academy of Sciences

neutron activation analysis

National Oil and Hazardous Substances Pollution Contingency Plan
Nonconformance Report

National Council on Radiation and Protection Measurements
National Environmental Policy Act

National Environmental Research Park

National Emission Standards for Hazardous Air Pollutants
New Hope Pond

National Historic Preservation Act

National Marine Fisheries Service

National Oceanic and Atmospheric Administration
No-Observable-Adverse-Effect Level

National Pollution Discharge Elimination System
National Priorities List

U.S. Nuclear Regulatory Commission

Natural Resource Damage Assessments

National Secondary Drinking Water Standards
new source performance standards

nationwide permit

Office of Drinking Water
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ORAU Oak Ridge Associated Universities

ORGDP Oak Ridge Gaseous Diffusion Plant
ORNL Oak Ridge National Laboratory

ORR Oak Ridge Reservation

ORSA Oak Ridge Sportsman Association
ORSTP Oak Ridge Sewage Treatment Plant
ORTF Oak Ridge Task Force

OSHA . Occupational Safety and Health Administration
ou operable unit

PA/SI preliminary assessment/site investigation
PAHs polycyclic aromatic hydrocarbons
PARCC precision, accuracy, representativeness, completeness, and comparability
PCBs polychlorinated biphenyls

PCDFs polychlorinated dibenzofurans

PDF Probability Density Function

ppm parts per million

PRGs preliminary remediation goals

QA quality assurance

QAPjPs Quality Assurance Project Plans

QAPP Quality Assurance Program Plan

QAMS Quality Assurance Management Staff

QC quality control

RAs Reference Areas

RAGS Risk Assessment Guidance for Superfund
RCRA Resource Conservation and Recovery Act
RfCs reference concentrations

RfDs reference doses

RFI RCRA facility investigation

RI remedial investigation

RI/FS Remedial Investigation/Feasibility Study
RME Reasonable Maximum Exposure

RMPE Reduction of Mercury in Plant Effluents
ROD record of decision

ROW right of way »

RPD Relative Percent Difference

SAIC Science Applications International Corporation
SAP sampling and analysis plan

SARA Superfund Amendments and Reauthorization Act
SCS Soil Conservation Service

SDWA Safe Drinking Water Act

SE standard error

SEN Secretary of Energy Notice

SI saturation index

SLB Sewer Line Beltway

SMCLs secondary maximum contaminant levels
SO, sulphur dioxide
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SOP standard operating procedure

SQCs sediment .quality criteria

SvOoC semivolatile organic compound
SWMUs solid waste management units

TBC to be considered

TCA Tennessee Code Annotated

TCL target compound list

TCLP . toxity characteristic leaching procedure
TDEC Tennessee Department of Environment and Conservation
TEF Toxicity Equivalence Factor

THQ Target Hazard Quotient

TIC Tentatively Identified Compound

TIR tentatively identified radionuclides
TOC total organic carbon

TRL target radionuclide list

TSC Technical Support Contractor

TSCA Toxic Substances Control Act

TSD treatment, storage, and disposal

TSPs total suspended particles

TU trap units

TVA Tennessee Valley Authority

TWA Time Weighted Average

TWRA Tennessee Wildlife Resources Agency
UCL Upper-bound Confidence Limit
UEFPC Upper East Fork Poplar Creek

UF Uncertainty Factor

USGS U.S. Geological Survey

URF Unit Risk Factor

VOCs volatile organic compounds

wQC water quality criteria
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5. BASELINE HUMAN HEALTH RISK ASSESSMENT

Risk assessment is an essential component of the remedial investigation/feasibility study
(RI/FS) process at hazardous wasté sites. The Comprehensive Environmental Response,
Compensation, and Liability Act of 1980 (CERCLA) and the National Oil and Hazardous
Substances Pollution Contingency Plan (NCP)(EPA 1990a) require that actions selected to remedy
hazardous waste sites be protective of human health and the environment. An overview of risk
assessment in the RI/FS process is presented in the NCP and in the U.S. Environmental
Protection Agency (EPA) manual Guidance for Conducting Remedial Investigations and
Feasibility Studies Under CERCLA (EPA 1988a). A baseline human health risk assessment
(BRA) is conducted as part of the RI to assess site conditions in the absence of remedial actions.
As patt of the FS process, risk assessment is used to evaluate the acceptability of proposed
remedial actions and as a tool in developing remediation objectives (target cleanup levels).

A BRA has been conducted for East Fork Poplar Creek (EFPC) and the Sewer Line Beltway
(SLB) in support of the RI process. The primary objectives of this assessment are to determine

if there is an_“imminent and substantial” endangerment to human health based on current and
W and to evaluate the need for site remediation. The risk assessment will
examine the presence of chemicals in EFPC attributable to release from the U.S. Department of
Energy (DOE) Y-12 Plant, the potential routes of exposure to human receptors, and the
likelihood of adverse health effects following contact with contaminated environmental media.

A phased (iterative) approach to risk assessment has been adopted in conducting the BRA
_for EFPC. As noted, the overall goal of the BRA is to evaluate the risks to human health in the

absence of site remediation. In accomplishing this goal, a hierarchical approach to risk
assessment has been adopted that facilitates derivation of the most scientifically valid estimates
of the-potential for adverse effects. The primary objective has been to focus the evaluation on
the receptors and exposure pathways of principal concern and to quantitatively characterize the
uncertainty surrounding all assumptions and resultant risk estimates. The EFPC risk assessment
team has worked with EPA Region IV, DOE, and the Oak Ridge National Laboratory Central
Risk Assessment Council (ORNL CRAC) throughout the process in an effort to establish a
consensus and ensure consistency with existing guidance. Recent EPA guidance for human health
risk assessment includes Risk Assessment Guidance for Superfund (RAGS): Human Health
Evaluation Manual Part A and Part B (EPA 1989a and EPA 1991c, respectively); Human Health
Evaluarion Manual, Supplemental Guidance: Standard Default Exposure Factors (EPA 1991a);
Supplemental Guidance to RAGS: Calculating the Concentration Term (EPA 1992c); Guidance
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for Eaga(_)sure Assessment (EPA 1992d); Health Effects Assessment Summary Tables (HEAST),
Annual Update (EPA 1992¢); and New Interim Region IV Guidance (EPA 1992a).

The objective of this study has been to develop estimates of risk and the associated
uncertainty that meaningfully project the potential for adverse effects in exposed individuals.
Risk assessment has been conducted in three tiers:

® Tier 1: screening-level deterministic assessment using monitoring data from locations of
(projected) highest concentrations,

¢ Tier 2: deterministic assessment using the full (creek-wide) data set, and
¢ Tier 3: probabilistic assessment and M@%uw using the full data
set and focusing on pathways that drive the overall risk asseéssment.

The quantitative uncertainty analysis will be conducted using Monte Carlo analysis and computer
simulation software. These methods are presented in more detail in Sects. 5.2 and 5.5.

The human health risk assessment process, as outlined by EPA, is divided into four
fundamental component analyses: data collection and evaluation, exposure assessment, toxicity
or hazard assessment, and risk characterization. Although an analysis of uncertainty is conducted
throughout the risk assessment, uncertainty analysis is often considered and presented as a fifth
component of the risk assessment process. These fundamental elements form the basis of the
BRA for EFPC and are presented in the following sections. .

5.1 DATA COLLECTION AND EVALUATION

One of the first steps in the risk assessment process is to obtain and evaluate all available
data on contaminants present in the environmental media in the EFPC system. This includes
information on levels of chemical contaminants and radionuclides in soil, sediments, surface
water, groundwater, and animal and plant tissue. Environmental monitoring data used in the
baseline human health risk assessment have been obtained primarily from two sources: the
Phase Ja sampling program and the Phase Ib sampling program. Section 3.2 summarizes the
existing data for all environmental media and provides an overview of the sampling and analysis
program. ,An additional garden study was conducted to determine chemical uptake by various
plant species and to support the analysis of food chain pamwaywm
Analysis Plan Addendum for Garden Produce and Vegetation (Radian 1992b)]. The relevance
and importance of this study are discussed in Sect. 5.2.
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This section of the BRA focuses on the following elements:

e overview of the sample collection program and data guality assessment as it relates to
the human health risk assessment,

e summary of methods and selection of contaminants of concern (COCs) for the Tier I
risk assessment, .

e derivation of exposure point concentrations, and
e discussion of uncertainty associated with the environmental monitoring data.

As discussed in the introduction, the human health risk assessment has been conducted
iteratively in three stages, or tiers. The first tier makes use of the data set obtained from the
Phase Ia sampling program. Based upon the results of both the Tier I analysis and the
concentration-toxicity screen presented in Sect. 5.1.2, COCs were selected as the focus of the
Tier I and Tier I risk analyses. '

5.1.1 Review of Sampling and Analysis Program

The design of the sampling and analysis program was based on an understanding of the
physical setting of the Y-12 Plant and the nature of contaminant release, as well as the transport
and deposition of contamination within the floodplain boundaries. An initial understanding of the
nature and extent of contamination in the EFPC drainage system was obtained from historical
studies and is founded on a watershed-based approach to system dynamics (i.e., examination of
the entire EFPC floodplain and all influents, excluding the Bear Creek drainage). The EFPC
watershed unit includes areas above and below the Y-12 Plant extending downstream to the
confluence with Poplar Creek and is defined to include the following media: air, land (surface
and subsurface components), groundwater, and surface water/sediment.

The sampling program was designed to examine all areas potentially affected by releases
from the Y-12 Plant. The most important releases of contaminants to the EFPC watershed are
associated with the activities occurring within the confines of the Y-12 Plant. Overall, three
sources of materials (deduced from historical studies) are responsible for contamination within
the EFPC watershed: waterborne Y-12 migration from upper EFPC, non-Y-12 migration to the
EFPC system, and outputs from the Bear Creek subsystem to EFPC.

No groundwater inputs to the EFPC watershed have been identified. Existing studies
conducted on the Oak Ridge Reservation (Moore 1988) indicate that groundwater discharges to

nearby streams and does not cross surface water divides. Therefore, the groundwater survey in-
the RI was limited to the EFPC watershed.
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Sampling strategies for the EFPC floodplain system were devised with the following four
objectives in mind:

. ® evaluate the movement (sources) of water, sediments, and contaminants into the EFPC
watershed; )

* examine the transport of contaminants within and between environmental media;

¢ evaluate the potential exposure of human and ecolog1ca1 receptors to contaminated media
in the EFPC floodplain system; and

* examine outputs of water, sediments, and cdntaminants from the EFPC system.

The sampling and analysis program was designed to provide the highest quality data
(equivalent to EPA’s Level IV data quality) and to ensure that the data were technically and
legally defensible. Field activities were conducted according to technical procedures approved
under the Environmental Restoration Program (see Sect. 3.2 for a complete list) and all samples
were tracked with full chain-of-custody and field documentation. QC samples (e.g., field
duplicates and trip blanks) were obtained at periodic intervals established in the East Fork Poplar
Creek - Sewer Line Beltway Sample and Analysis Plan for Phase In (LWA 1991). Field
surveillance was conducted throughout the sampling activities to ensure adherence to protocol and
procedures.”

An analysis of contaminants in air has been conducted in this RI (Sects. 3.2.6 and 3.2.7),
but not as part of the Phase Ia or Ib programs. In general, these analyses conclude that
contaminants in air do not measurably impact the regional air quality. Therefore, exposure to
this medium has not been evaluated in the risk assessment.

5.1.1.1 Sample collection

r\' The sampling program for EFPC consisted of two phases or stages. The Phase Ia program
consisted of an initial screening for 182 inorganic, organic, and radionuclide contaminants at
three locations across EFPC. Samples were collected from surface water, sediments, soil, and
groundwater. The second sampling program, Phase Ib, was a creek-wide assessment and
evaluated contamination along the length of the entire EFPC system. Only selected contaminants
were included in the analyses of the Phase Ib samples. Both the Phase Ia and Phase Ib programs
are discussed in detail in Sect. 3.2.

1_/
For the Phase Ia program, three areas with the highest concentrations of mercury were
selected to be the focus of the ling: depositional wetland areas behind the National Qceanic

and Atmospheric Administration (NOAA) Atmospheric Diffusion Laboratory off Iilinois Avenue,
across the Oak Ridge Turnpike from the Bruner’s Shopping Center on the Wayne Clark property,
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and the Mel Sturm property. The NOAA and Bruner’s areas are inundated several times a year
during high rainfall events.

Groundwater sampling and analysis were conducted as part of the Phase Ia program to
examine the potential impacts (spatial and temporal) downstream and downgradient from the main
source of release. The groundwater sampling program also was designed to evaluate potential
effects in proximity to. other attributes of the watershed (i.e., tributaries, urban features, and
contaminant hot sﬁots). Monitoring wells were sampled on four separate occasions to identify
seasonal variations and contaminant migration patterns.

Surface water and sediment samples were collected at a number of locations: the point of
input to the EFPC system (i.e., Lake Reality and the major tributaries within the watershed); the
primary output location (i.e., the confluence with Poplar Creek); and intermediary positions
within the system during both Phases Ia and Ib.

The Phase Ib investigation is described in detail in East Fork Poplar Creek - Sewer Line
Beltway Phase Ib Sampling and Analysis Plan for Soil, Sediment, and Water (Radian 1992a).
The Phase Ib program used the same analytical procedures and methods as Phase Ia for surface
water, sediments, and select soil samples (groundwater was sampled only under the Phase Ia
investigation, even though later rounds of sampling were conducted concurrently with Phase Ib).
Soil samples collected during the Phase Ib sampling program also were analyzed for select metals
and radionuclides using Neutron Activation Analysis (NAA) (Sect. 5.1.3.1 and Appendix I).

5.1.1.2 Sample analyses and validation

Samples were analyzed by a commercial laboratory participating in the EPA Contract
Laboratory Program (CLP). Samples collected from the EFPC floodplain were analyzed for
metals, radionuclides, volatile and semivolatile organic compounds (VOCs and SVOCs), and
pesticides and polychlorinated biphenyls (PCBs) in soils, sediments, groundwater, and surface
water.

NAA was selected as the primary method for analyzing metals and radionuclides in
floodplain soils. NAA fully meets the data quality objectives (DQOs) of the investigation and
is ideal for processing the large number of samples within a reasonable time and at a reasonable
cost. Appendix I presents a report (Comparison of Neutron Activation and Cold Vapor Atomic
Absorption for the Analysis of Mercury in Soils from East Fork Poplar Creek) detailing the
equivalency of NAA to standard CLP methods. NAA-specific procedures and methods, including
‘quality control (QC) measures, are outlined in the ORNL Analytical Chemistry Division Standard
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Anatytical Method AC-MM-222002, Neutron Activation Analysis of East Fork Poplar Creek
Samples- (copy attached to equivalency report in Appendix I). Results of the NAA were reviewed
according to the Laboratory Data Validation Guidelines for Evaluating Neutron Activation
Analyses (SAIC 1992a).

A percentage of the soil samples collected during Phase Ib were analyzed using standard
CLP methods. CLP methods were used to evaluate levels of inorganic and organic chemicals in
soils that are not measurable using NAA. Metals concentrations also were measured to provide
a basis of comparison of concentrations determined by NAA. Although an exact agreement of
concentrations between methods was not expected given the large degree of soil heterogeneity,
a comparison of the concentrations showed similar levels of specific analytes and indicated
additional confidence of equivalency between results.

Preliminary and final analytical results were incorporated into a data management system
to facilitate the analysis, reporting, storage, and archiving of the data. The TP-DM-300 series
of procedures for the Environmental Restoration Program provides guidance and protocols for
data entry, data archival, data backup and recovery, sample identification, and data receiving and
reviewing. Analytical results were screened under the technical procedure, TP-DM-300-7 Daza
Package Verification and Validation, to ensure that the resulting data would satisfy the highest
level data criteria so that results could be incorporated into the BRA. Data that did not meet the
criteria were qualified as usable or rejected (i.e., unusable). Data that were rejected were not
incorporated into the BRA. Section 3.3 summarizes the results of the data validation and
provides an assessment of the quality and completeness of the data used in this RI.

5.1.2 Selection of Contaminants of Concern

From the full list of all chemicals identified in the environmental media (Phases Ia and Ib),
a subset has been identified for use in the risk assessment. In general, it may be impractical to
evaluate all chemicals observed in environmental samples (due to limitations in computer
capability, etc.). Representative “highest risk” compounds may be selected on the basis of:
quantities 'present in EFPC; extent of environmental contamination, toxicity, or hazard; and
mobility and persistence of the chemical in the environment. Reducing the number of chemicals
considered in the risk assessment is specified as optional by EPA and is suggested as a device for
focusing and facilitating the risk assessment process (EPA 1989a).

Three primary sources of information were used in identifying COCs as the focus of the
BRA: a concentration-toxicity scoring system recommended by EPA, comparison with
background, and the results of the Tier I screening-level risk assessment.
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The concentration-toxicity scoring system is recommended by EPA in RAGS Vol. 1, Part
A (EPA 1989a). This system uses measured concentrations and established toxicity measures to
rank chemicals for the purposes of risk assessment without making quantitative assumptions about
exposures and dose. Chemicals were divided into four groups based on the available toxicity
measures: those exhibiting carcinogenic effects [chemicals for which oral cancer slope factors
(CSFs) were available], those with systemic toxicity or noncarcinogenic effects [chemicals with
oral reference doses (RfDs)], radionuclides [radionuclides for which oral CSFs were available in
HEAST Fiscal Year 92 (EPA 1992e)], and chemicals for which toxicity measures were not
available. For radionuclides, the slope factors used in the screening process take into account
radionuclide progeny (i.e., decay products).

A toxicity score was calculated for each chemical in the first three groups. For radionuclides
and carcinogenic effects of chemical contaminants, the score was determined by multiplying the
concentration and the oral CSF. Noncarcinogenic effects were scored using the concentration
divided by the RfD. Within each group, each chemical was ranked according to its percentage
of the total score for the group. Those compounds that collectively represented 99% of the
toxicity score for that group were considered COCs.

The arithmetic mean concentrations of all chemicals detected at EFPC were used to calculate
the toxicity scores. Toxicity scores were then computed a second time using the maximum
concentrations. The latter scores did not greatly change the rankings, but generally fewer
contaminants accounted for 99% of the score. Toxicity scores based on the mean concentrations
were used because this ranking included more chemicals as COCs, producing the most
conservative approach and reducing the possibility of eliminating significant chemicals from the
assessment.

The presence of the chemical in reference site (background) samples was also a factor used
in determining the COCs. An analysis was performed to determine if differences in the mean
site concentrations and the mean background concentrations were statistically significant. If these
differences were not statistically significant and the toxicity score for that chemical was less than
1% of the total, the chemical was eliminated from consideration. '

Additional factors other than the toxicity scores and comparison with background samples
were considered in determining the COCs. These factors included the frequency of occurrence
of a chemical in the samples tested, mobility and persistence, professional judgment based on
knowledge of the processes used at the Y-12 Plant, and applicable or relevant and appropriate
requirements (ARARs) [i.e., the maximum contaminant levels (MCLs) established under the Safe
Drinking Water Act (SDWA) and federal ambient water quality criteria for the protection of
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freshwater organisms]. Chemicals that were detected in less than 5% of the samples tested were
not desi;gnated as COCs (EPA 1989a). Some radionuclides that were analyzed only in the Phase
Ib analyses were listed as COCs in soils and sediments regardless of screening results because
they are used in processes at the Y-12 Plant. These radionuclides include thorium-228, -230,
-232, neptunium-237, and protactinium-233.

Contaminants that were not detected in any sample in a given media were eliminated from
consideration. These analytes are listed in Appendix L along with the minimum, maximum, and
average detection limits. Nutrient substances (e.g., sodium, potassium, calcium, magnesium, and
iron) also were eliminated from consideration.

Environmental monitoring data from other studies of EFPC were not used in this analysis.
All of the EFPC RI Phase Ia data used in the scoring have been obtained and analyzed following
a consistent set of procedures, as discussed in Sect. 3.3. The quality of the analytical data was
well-documented- under EPA Level IV protocols. All sampling locations were surveyed and can
be resampled, if necessary.

Toxicity scores for each chemical detected are listed by media in the tables in Sects. 5.1.2.1
through 5.1.2.5. Chemicals considered COCs based on the criteria listed above are denoted by
an asterisk. The column labeled “EFPC proportion detected” represents the number of results
greater than the detection limit over the total number of samples analyzed. The “Average EFPC
result” is the arithmetic mean of the results. Results less than detection were set to one-half of
the detection limit (except for radionuclides) and included in the calculation of the average
concentration. EPA toxicity measures (CSFs and chronic RfDs) were taken from a summary of
toxicity measures distributed to Oak Ridge contractors by the Biomedical and Environmental
Information Analysis Section of the Health and Safety Research Division at ORNL [ORNL
compiled the toxicity measures from the Integrated Risk Information System (IRIS) (EPA 1993)
and HEAST (EPA 1992¢)]. The mean concentration and toxicity score for the reference site at
Hinds Creek also are listed where data were available. The radionuclide activity uncertainty is
a pooled estimate of the uncertainty of the mean and is defined as the square root of uncertainty
for each individual measurement divided by the total number of measurements.

5.1.2.1 Soil contaminants of concern

Metals:
antimony, arsenic, barium, beryllium, cadmium, chromium, copper, lead, manganese,
mercury, nickel, selenium, silver, and zinc
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Polyaromatic Hydrocarbons (PAHSs):
benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene,
chrysene, dibenzo(a,h)anthracene, and indeno(1,2,3-cd)pyrene

PCBs:
Aroclor-1254 and Aroclor-1260

Radionuclides:
cesium-137, cobalt-60, neptunium-237, protactinium-233, thorium-228, thorium-230,
.thorium-232, uranium-234, uranium-235, and uranium-238.

Hazard Score - Noncarcinogenic Effects

Mercury accounts for 65% of the total toxicity (Table 5.1), based on the score for
noncarcinogenic effects. Another metal that contributes significantly (15%) to the total toxicity
score is arsenic. Thallium was eliminated from consideration because it was infrequently
detected. Vanadium also was eliminated because the average concentration at EFPC was less
than the background concentration.

Although no toxicity values are available for lead, it has been included as a COC. EPA
recommends that quantitative estimates of risk associated with lead be based on an alternative
approach in which blood lead uptake is compared to the latest Center for Disease Control
guideline of 10 pg/dL blood lead in children. These blood lead levels can be projected by using
a pharmokinetic lead uptake model (LEAD 0.60, EPA Lead Uptake/Biokinetic Model). The
EFPC BRA addresses lead toxicity separately using this model.

The organic compounds in Table 5.1 together represent less than 1% of total noncancer
toxicity. These compounds were not included as COCs based on the noncancer scoring.

Hazard Score - Carcinogenic Effects

PAHs account for a significant percentage of the carcinogenic risk scoring in soil
(approiimately 22%). Seven carcinogenic PAHs have been included as COCs. The scoring of
carcinogenic PAHs was conducted using the Region IV toxicity equivalence factors (TEFs) (EPA
1992a) and the very conservative CSF of 11.5 for benzo(a)pyrene. This value currently has been
revised downward by EPA to approximately 7.

Two PCBs, Aroclor-1254 and Aroclor-1260, also were detected in the soils and are
considered COCs. Pentachlorophenol is not included as a COC because of its low frequency of
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detection. Bis(2-ethylhexyl)phthalate, a common laboratory contaminant, was detected but
represented only 0.01% of the cancer risk.

Arsenic and beryllium, two potential carcinogens, are considered COCs. They account for
48% and 12% of the total toxicity for carcinogens, respectively.

Hazard Score - Radionuclides

Generally, uranium isotope counts were one order of magnitude greater in EFPC soils than
the background site. Cesium measurements also were slightly elevated in EFPC soils. Since
americium-241 counts were not significantly different from the background site and the measure-
ment uncertainty was relatively high, they will not be considered further. Thorium-228, -230,
-232, neptunium-237, and protactinium-233 were included in the list of COCs because they are
part of processes at the Y-12 Plant.

Chemicals with no Score

Two metals and two organic compounds were detected but could not be scored, since
toxicity _measures were not available. Aluminum and cobalt were detected in EFPC at
concentrations that were not statistically different from the background site (t-test on mean
values). 4-Nitrophenol and 4-chloro-3-methylphenol were detected infrequently in EFPC, and
are not considered part of processes at the Y-12 Plant. Therefore, they are not addressed in the
evaluation.

5.1.2.2 Sediment contaminants of concern

Metals:
arsenic, barium, beryllium, cadmium, chromium, copper, lead, manganese, mercury,
nickel, vanadium, and zinc

PAHSs: :
_ benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene,
chrysene, dibenzo(a,h)anthracene, and indeno(1,2,3-cd)pyrene
Pesticides:
dieldrin
PCBs:

Aroclor-1254 and Aroclor-1260.
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Hazard Score - Noncarcinogenic Effects

Mercury accounts for 61% of the total toxicity (Table 5.2) based on the score for
noncarcinogenic effects. Other metals that are largely responsible for the score are arsenic,
manganese, and vanadium. Again, as noted previously, lead was not removed from consideration
based on the screening results, and is therefore considered a COC.

The organic compounds in Table 5.2 together represent less than 1% of total noncancer
toxicity. The compounds were not included as COCs based on the noncancer scoring.

Hazard Score - Carcinogenic Effects

Arsenic and beryllium are responsible for the majority (64%) of the total toxicity for
carcinogens. PAHSs are also responsible for the carcinogenic risk from sediments. Seven PAHs
are included as COCs. PCBs also were detected in the sediments and are considered COCs.
Several pesticides (alpha-BHC, gamma-BHC, heptachlor epoxide, 4,4’-DDD, 4,4'-DDE, and
4,4'-DDT) are not included as COCs because many were infrequently detected, and together they
comprise less than 1% of the carcinogenic risk. Bis(2-ethylhexyl)phthalate was detected, but
represented only 0.02% of the cancer risk.

Chemicals with no Score

Two metals were detected but could not be scored, since toxicity measures were not
available. Aluminum and cobalt were detected in EFPC at concentrations that were not
statistically different from the background site (t-test on mean values).

5.1.2.3 Groundwater contaminants of concern

Metals:
arsenic, barium, beryllium, chromium, copper, lead, manganese, mercury, nickel, and
vanadium

Volatiles:
acetone and methylene chloride

Radionuclides:
total radium, uranivm-234, and uranium-238.

PAHs and PCBs were infrequently detected and are not included in the list of COCs
(Table 5.3). Total radium was included on the list because it was measured at significant levels
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compared to background. Cesium-137 was not measured at significant levels and will not be
evaluated.

Hazard Score - Noncarcinogenic Effects

Metals that primarily contribute to the groundwater noncarcinogenic hazard score are
antimony, arsenic, manganese, mercury, and thallium. Thallium was eliminated because of the
low frequency of detection. With the exception of acetone (which was included as a COC), the
other organic compounds in Table 5.3 were not considered because together they comprise less
than 1% of the total risk.

Hazard Score - Carcinogenic Effects

Arsenic and beryllium are considered COCs and account for 18 and 8% of the total toxicity
for carcinogens, respectively. Since PAHs were detected in only 1 out of 77 samples, their
impact to groundwater will not be evaluated. PCBs were not detected in the groundwater
samples. Pentachlorophenol was eliminated because it was infrequently detected. The remaining
organics represent less than 1% of the total risk score from carcinogens.

Hazard Score - Radionuclides

Uranium -234, -235, and -238, and radium were measured in the groundwater samples.
Since uranium-235 represented only 0.2% of the total risk score, it was eliminated as a COC.
Since cesium-137, americium-241, and cobalt-60 counts were not significantly different from the
background site and their measurement uncertainty was relatively high, they were not considered
further. The strontium isotopes constitute less than 1% of the total risk from radionuclides, so
they were not included as COCs.

Chemicals with no Score

Two metals were detected but could not be scored, since toxicity measures were not
available. - Aluminum and cobalt were detected in EFPC at concentrations that were not
statistically different from the background site (t-test on mean values).

5.1.2.4 Baseflow surface water contaminants of concern

Metals:
barium, chromium, manganese, mercury, and zinc

Semivolatiles and volatiles: i
acetone, bis(2-ethylhexyl)phthalate, chloroform, and tetrachloroethene
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Pesticides:
aldrin, 4,4'-DDT, dieldrin, endrin, gamma-BHC, and heptachlor epoxide

Radionuclides:
uranium-234 and uranium-238.

Most of the chemical contaminants in EFPC surface water are found adsorbed to sediment
or bound to suspended particulate matter. Under . baseflow conditions (Table 5:4), fewer
contaminants are detected (i.e., in dissolved form). Several metals and organic compounds were
detected in EFPC waters, but at levels considerably below existing federal MCLs under SDWA.
Observed levels were found to comply with the stringent federal ambient water quality criteria
for the protection of human health and freshwater organisms. The measured activities of
uranium-234 and uranium-238 are evaluated in the BRA. Neptunium-237, cesium-137, and
cobalt-60 activities were low relative to their measurement uncertainty, so they are not considered
further. Several organic compounds (pesticides, VOCs, and SVOCs) also were detected in the
baseflow samples and have been included as COCs.

5.1.2.5 Disturbed water contaminants of concern

The EFPC risk assessment team collected “disturbed” water samples to simulate water
column concentrations associated with recreational use of EFPC (e.g., swimming, wading). See
Sect. 3 for details of sampling methods.

Metals:
barium, chromium, copper, manganese, mercury, and vanadium

Semivolatiles and pesticides:
bis(2-ethylhexyl)phthalate and dieldrin.

Hazard Score - Nencarcinogenic Effects

The metals that are responsible for the large majority (87%) of the toxicity score are
manganese and mercury (Table 5.5). Two organic compounds, bis(2-ethylhexyl)phthalate and
dieldrin, also were included as COCs based on the results of the concentration-toxicity screen.

Hazard Score - Carcinogenic Effects

Arsenic was detected only in the background samples, and therefore, was eliminated from
consideration. Dieldrin and bis(2-ethylhexyl)phthalate were included as COCs based on the
results of the concentration-toxicity screen.
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Chemic_:als with no Score

Two metals were detected but could not be scored, since no toxicity measures were
available. Aluminum and cobalt were detected in EFPC at concentrations that were not
statistically different from the background site (t-test on mean values).

5.1.3 Determination of Exposure Point Concentrations

Once the environmental monitoring data have been validated, they must be manipulated for
the purposes of risk assessment. The data must be aggregated and statistical calculations must
be performed to derive a meaningful estimate of the exposure point concentrations.

5.1.3.1 Data aggregation

The area under investigation in the BRA is quite large and characterized by a number of
different land use types and habitats. In order for risk assessment to be meaningful, the analysis
must focus on key receptors at potential risk of exposure and the land use area and circumstances
under which exposure is most likely to occur. The concept of the “exposure unit” may be
introduced as a basis for the assessment of exposure. An exposure unit may be thought of as the
geographic area within which a receptor would realistically be expected to spatially and tempo-
rally aggregate exposure to contaminants. '

In a residential area, the most appropriate exposure unit may be an area the size of a
backyard (i.e., a quarter of an acre). In an agricultural setting, the exposure unit may be larger,
encompassing perhaps an area of an acre or more. The important point is that the exposure unit
or area under evaluation sets the boundaries or basis for aggregating data for the purpose of
deriving exposure point concentrations. The discussion that follows presents the logic behind data
aggregation and statistical evaluation for each environmental medium under investigation.

In this risk assessment, EFPC (including the associated floodplain) and the SLB have been
considered as separate units in the RI. Therefore, data aggregation was performed separately for
these two areas.

EFPC and Floodplain

Within EFPC and the floodplain, data were aggregated using different methodologies. For
surface water, groundwater, and sediments, all data were grouped together in a single set. For
floodplain soils, three different approaches were used, with each approach offering a finer resolu-
tion of the location and level of contamination. These three approaches involve aggregating data
according to segments, aggregating data according to land use within each segment, and kriging.
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Surface Water, Groundwater, and Sediments. All validated data for EFPC surface water
(from the length of the creek) were aggregated and treated as a single data set. The data were
then statistically manipulated to derive the mean and the 95% upper confidence limit (UCL) on
the arithmetic mean (see Sect. 5.1.4). Similarly, validated data from groundwater sampling and
sampling of sediments were each treated as single large data sets for risk assessment purposes.
The reason for adopting this convention is explained more fully in the exposure assessment
section of the BRA. In essence, however, it is based on the assumption that residents of EFPC
are free to wander the creek and may be exposed to surface water and sediments at any location
along the system.

With regard to groundwater, no one is currently using groundwater as a source of drinking
water in the vicinity of EFPC and is unlikely to do so in the future. Further, local areas or
distinct zones of elevated groundwater concentrations have not been identified. Therefore, the
full groundwater data set has been used to derive the exposure point concentrations for residents
at any location along EFPC. The data for each of these media were compiled and summarized
statistically. The summary tables are presented at the end of Appendix L.

Floodplain Soils. A different approach has been used for data aggregation of floodplain
soils. As discussed in the following sections, risk assessment has been conducted as a function
of land use area. Ideally, if time and cost were not constraints, the monitoring program could \
generate a data set of sufficient spatial density that exposure units could be defined within each
land use area, and would serve as the basis for data aggregation. The EFPC monitoring program
was comprehensive and achieved wide spatial coverage. However, even with the thousands of
sampls colested, the dta set i inadequat to meaningfuly supportth derivaToR.of exposur |
point_concentrations for small exposure units within each land use area. Therefore, three
approaches were adopted to achieve a higher level of spatial resolution from the existing ]

monitoring data.

First, the EFPC floodplain was divided along the length of the creek into nine segments (see
discussion in Sect. 2). Maps 2 and 3 (Vol. 5) depict the segmentation of EFPC for the purposes
of the BRA. These segments were established based on an understanding of the nature and extent
of contamination, and a knowledge of current and projected future land uses. Each of these
segments was effectively treated as a homogeneous unit with regard to data aggregation and
estimation of exposure point concentration. In this manner, all data within a given segment were
combined to calculate a single exposure point concentration, which would represent the level of
contamination encountered anywhere in the segment. A discussion of the rationale for classifica-
tion of each floodplain segment land use type and pertinent physical and cultural features within
each segment is provided in Sect. 2.2.1. Because mercury is the most widely distributed
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contaminant in EFPC and accounted for more than 75% of the total toxicity in the
scoring/selection of COCs, the monitoring data for mercury weighs more heavily in segmentation
decisions than other contaminants. The exposure point concentrations developed from
aggregating data according to this approach are then used in the risk equations to calculate
carcinogenic and noncarcinogenic risk (see Sects. 5.2 and 5.4).

The second approach was to aggregate the monitoring data within each segment according
to land use. Note that more than one land use is often defined within each segment. For
example, Segment 1 currently contains both commercial and open land uses, and also could
include residential land use in the future [see Maps 2 and 3 (Vol. 5)]. Data from each land use
area were aggregated so that exposure point concentrations could be calculated separately for each
land use area within each segment. The land use area exposure point concentrations were then
compared to the segment-wide exposure point concentrations (described in the previous
paragraph). The results of this comparison are discussed in Sect. 5.2.3.3.

The third approach involves using geostatistical interpolation methods for spatial evaluation
of contaminant concentrations (i.e., kriging). Kriging is a weighted moving average interpolation
method that uses the best linear unbiased estimator by weighing the adjacent sample values to
calculate an average value for a given region or block. Due to the large geographic areas under
evaluation and the unavoidable limitations of the data set, this additional approach was employed
|in an effort to partially overcome the limitations of the sampling program.

The assistance of Dr. Evan Englund at EPA-Environmental Monitoring Systems Laboratory
in Las Vegas (EMSL/LV) and Dr. A K. Singh at the Environmental Research Center, University
of Nevada-Las Vegas was obtained to perform the kriging analysis of the Phase Ib soil transect
NAA sample data (see Sect. 3.2.4). Dr. Singh evaluated the creek in sections to accommodate
the computer software limitations and to account for variations between different sections of the

\ creek.

A set of maps (see Map 10) was generated for the upper soil layer (0 to 41 cm), with
average mercury concentrations within blocks (of 20 X 20 meter dimensions) overlain on the
floodplain. These maps are color coded for 50 and 200 parts per million (ppm) of mercury.
These concentration codings were selected because of the preliminary remediation goals calculated
for contaminated soil (Sect. 7) of 58 ppm for children and 198 ppm for adults based on combined
soil ingestion and dermal contact.

The data generated from the kriging analysis offer a finer resolution of the mercury
concentrations in floodplain soils. In the BRA of EFPC, these data may be used in two principal
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ways: in subsequent analysis of baseline risks to human health (RI), and as a basis for
coméarison with remediation goals (cleanup levels) and more accurately delineating areas of the
creek for which remediation is required (FS). At this time, the data from EPA-EMSL/LV were
not used in the BRA.

The goal of these three approaches for the floodplain soils is to provide successively higher
degrees of resolution. For creekwide aggregation,-a single upper-bound exposure point
concentration is calculated to represent the contamination level for the whole creek (e.g., as for
sediment, groundwater, and surface water samples). When the data are aggregated according to
segment, nine exposure point concentrations are calculated (corresponding to the nine segments).
When the data are aggregated according to land use within each segment, multiple exposure point
concentrations are calculated within each segment (corresponding to the number of land uses
within that segment). This allows a finer resolution of the areas and levels of contamination.
Kriging, a form of data aggregation, would allow the risk assessor to specify an even smaller area
(e.g., an area the size of a backyard), and predict location and levels of contamination within that
smaller area.

Sewer Line Beltway (SLB)

For the SLB, a single land use classification has been assumed for data aggregation pur-
poses. Over its entire length, the SLB has areas that can be classified as residential, commercial,
or open land use types. However, only open land use is applicable to those areas that were
sampled with the highest levels of contamination (see Sect. 3.2.4 and Map 9). All of these areas
are immediately adjacent to a primary street and are not used for any specific purpose other than
as a buffer to residential or commercial properties or for occasional pedestrian traffic. Three
contaminated areas will be evaluated individually: a small area at the intersection of Tulane
Avenue and the Oak Ridge Turnpike, Fairbanks Road from Emory Valley Road to Warehouse
Road, and Emory Valley Road west from the intersection with Fairbanks Road (see Map 9).

5.1.3.2 Statistics

Once the analytical data from the laboratory have undergone quality assurance/quality control
(QA/QC) evaluation and COCs have been selected, summary statistics are prepared for each
chemical and environmental medium using the validated data. These summary tables are
presented at the end of Appendixes L, M, and P and provide the following information:

e sampling event, location, and period;
o detection limits;.
¢ frequency of detection;

e
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¢ the minimum, maximum, and mean concentrations of chemicals in the environmental
“medium;

¢ the reasonable maximum exposure (RME) concentration (i.e., the 95% UCL on the
arithmetic mean); and

¢ background concentrations.

“Not detected” results for chemical contaminants have been treated as one-half the limit of
detecumthe calculation of the arithmetic means (note that a different convention
is adopted for radionuclides). Sampling results characterized by the “J” qualifier for organic
compounds (i.e., the chemical has been identified and a concentration is estimated, but the
observed level is below the contract required quantitation limit) or the “B” qualifier for
inorganics (i.e., less than the contract required detection limit, but greater than the instrument
detection limit) have been included in the data set and the calculation of the mean. Results for
analysis of blanks have been compared with field samples. Field samples were considered
“positive” values and included in the data set only if these results passed the “5Xx or 10X” rule
specified by EPA for interpretation of blank data (EPA 1989a).

5.1.3.3 Calculation of the exposure point concentration

EPA recommends use of the arithmetic mean in deriving a representative and conservative
exposure point estimate (EPA 1989a; 1992c,d). The Agency specifies that the average
concentration is most appropriately used because:

¢ the derivation of carcinogenic and chronic noncarcinogenic toxicity criteria is based on
lifetime average exposures, and

¢ the average concentration is most representative of the concentration to which a receptor
at a given site would be exposed over time.

EPA specifies the use of the average concentration regardless of the shape of the underlying
distribution of the environmental quality data (EPA 1992c,d). The Agency notes that the
geometric mean of a set of sampling results bears no logical relationship to the cumulative intake
that would result from long-term (i.e., chronic) exposure to site-related contaminants. The
geometric mean is considered an inappropriate basis for estimating the concentration term in
Superfund exposure assessment.

EPA now requires two types of exposure estimates for Superfund risk assessments. Given
the uncertainty associated with any point estimate of the true average exposure concentration at
a site, EPA recommends use. of the 95% UCL oh the arithmetic mean concentration (EPA 1989a;
1992¢,d). An RME concentration (i.e., the UCL) and an arithmetic mean concentration should
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both be used. EPA defines the RME estimate as “the highest exposure that could reasonably be
expécted to occur for a given exposure pathway at a site” (EPA 1992c¢). In the present study of
EFPC, both the arithmetic mean and the UCL have been used in characterizing exposure point
concentrations.

EPA recommends two methods for deriving the RME (or UCL) exposure point
concentration. As discussed in the recent supplement to Risk Assessment Guidance for Superfund
(RAGS) (EPA 1992c), EPA indicates that choice of the appropriate method depends upon a
knowledge of the underlying distribution of the sampling data from the exposure area of concern.
Although EPA recommends 